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ABSTRACT 
This report is intended to assist the planning of intracity helicopter 
systems so that current operations can both provide an alternate airport 
access mede and promote future intercity operations. A major aspect of 
the included study was the development of an interurban helicopter cost 
model having the capability of selecting an efficient helicopter network 
for a given city in terms of service and total operating costs. This 
model is based upon the relationship between total and direct operating 
costs and the number of block hours of helicopter operation. The cost 
model is compiled in terms of a computer program which simulates the 
operation of an intracity helicopter fleet over a given network. When 
applied to specific urban areas, the model produces results in terms of 
a break-even air passenger market penetration rate, which is the percent 
of the air travelers in each of those areas that must patronize the 
helicopter network to make it break even commercially. A total of 
twenty major metropolitan areas are analyzed with the model and are 
ranked initially according to cost per seat mile and then according to 
break-even penetration rate. 
Conversion Factor 
Multiply mil es by 1.9 for ki lometers 
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Chapter I 
INTRODUCTION 
--
The commercial air industry has provided travelers with a fast, 
reliable, and economic means of intercity transpor'tation in both 
short-haul (less than 500 miles) and 10n9-haul air trips. It is 
economic not because it is less expensive than other modes but because 
of the time the traveler saves. Since time is crucial to the air 
traveler, the manner in which time is used in the course of an air 
trip is important. In addition to the air flight itself, time is 
expended in getting to and from the airport. This is the access/egress 
portion of the total door-to-door trip, which also includes passenger 
movements through the terminal. Furthermore~ there is time spent 
waiting for flight departure, which is the difference between the time 
when a passenger is ready to leave and the time when the next available 
flight actually departs. This waiting time is a function of the 
frequency of service or the head\,/ay offered by the airlines. (Waiting 
time is a characteristic of all scheduled transportation networks, 
such as bus systems, rapid rail routes, or airlines, and is usually 
estimated as one-half of the headway.) 
Over the last quarter century, the air industry has been making 
strides in the direction of larger and faster aircraft. As a result 
of the increased rum-JaY requirements of these larger aircraft, new 
airports have been placed farther from the cities. Aircraft engines 
also have become more powerful over the years, and this has created 
greater amounts of noise and poliution. (Power requirements of aircraft 
vary with the square of both spee!d and payload.) In order to minimize 
the adverse effects of aviation on the population, airports have been 
IOOved further from the city centeJ/'s. The effects of new innovations 
within the aviation industry have been primarily to the advantage of 
the long-haul air traveler and not to the short-haul traveler. The long-
haul traveler spends a lesser portion of his total trip time on the 
ground than a short-haul traveler, as shown in Table 1. Thus, a 10n9-
haul traveler is willing to take a larger jet, even though it must land 
in major airports farther from the city, because of the resulting time 
savings. In the short-haul, the traveler probably will not realize a 
time savings because the air time saved will be offset by added ground 
time. In addition, the long-haul traveler also can afford a longer 
waiting time for his departure because of the larger savings in f"light 
time. Because such passengers demand fewer operations, economies of 
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Table 1. Air Trip Distance Versus Ground Time 
Airport to Airport 
Mileage 
0-250 
250-500 
500-1000 
1000+ 
Percent of Total Trip 
Time'Spent on Ground 
51-65 
39-54 
35-49 
22-32 
Source: ("Airport Terminal Facilities," 1967) 
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scale of higher load factors lead to less costly fares. Short-haul 
passengers are more demanding of higher frequency service, such as the 
shuttle between Boston and New York and between New York and Washington, 
both of which operate on a 60-minute headway. It is not worthwhile for 
these people to wait several hours for a flight that will take at most 
one hour. And since they demand more operations, it is uneconomic to 
use large jets which cannot be filled. 
At present, the number of short and long-haul passengers are about 
equal. According to the projections of the Aviation Advisory Commission, 
however, long-haul passengers by the end of this century will out number 
short-haul passengers by a margin of better than 3 to 1. Although short-
haul travel will no longer dominate the air industry, it still will be 
a formidable market and should be served with the mode best-suited to 
the demand. The speed, safety, and convenience of this mode should 
reflect what the passengers are willing to pay. It is apparent that 
current commercial airline trends are not in the best interests of the 
short-haul traveler and that alternate modes need to be found. 
Role of the Helicopter 
Two modes have been suggested for an intercity short-haul network. 
They involve a helicopter, or VTOL (Vertical Take Off and Landing) 
vehicle, and a high speed ground rail system, or the TACV (Tracked Air 
Cushioned Vehicle). It is the contention herein that this growing void 
in servi ce for the short-haul travel er wi 11 best be reso') ved by the 
implementation of intercity helicopter or VTOL systems that would 
fly to city centers and other urban areas besides the airport. The 
market situation is such that a high speed ground transportation system 
will not be as economical as a VTOL system until well into the 21st 
century because of the high right-of-way and capital costs i"nvolved in 
the ground system. 
There are several advantages of a VTOL short-haul system over 
the present CTOL (Conventional Take Off and Landing) system. First, 
due to the vertical ascent and descent capabilities, the helicopter 
has a smaller land requirement and produces a much smaller noise foot 
print than conventional aircraft. These characteristics benefit user 
and non-user alike. In addition, vertical capability allows the 
helicopter to land closer to the origins and destinations of passengers, 
which reduces the door-to-door trip time. There also would be a 
reduction of inflight and near-airport air congestion since CTOL and 
VTOL aircraft would be on different air traffic control (ATC) patterns. 
If most VTOL flights originate, as projected, from the central business 
district (CBD) or other air traffic generating points in the 
metropolitan area, there will be less ground congestion at the airports 
and possibly less need for airport expansion to deal with the access 
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problem. Furthermore, if VTOL short-haul flights are segregated from 
CTOL medium and long-haul flights, there will be more efficient 
operations at each of the respective aircraft terminals. In 1973, the 
Aviation Advisory Commission recommended the separation of short-haul, 
long-haul, and cargo flight facilities as a means of improving the 
system. 
Although the helicopter does offer advantages, it has not become 
the "miracle" cure of the metropolitan and intercity transportation 
problems, as some studies would have led one to believe. The helicopter 
or VTOL system will have its place somewhere between the present short-
haul commercial air system and the future high speed ground systems. 
When the long-haul markets have grown to the point where it is un-
economical for the airlines to tie up jets in short-haul flights or when 
the skies over jetports become too congested, then VTOL flights using 
non-jetport landing sites will become the norm. This prominence will 
last until such time as the growth of demand makes hiqh speed ground 
systems economical. 
Even though VTOL travel will not become a dominant mode for some 
time, it is important to encourage public acceptance of the mode by 
both users and non users. This can best be accomplished by the intro-
duction of intracity helicopter systems between airports, central 
business districts, and other traffic generating points within the 
metropolitan areas. These intracity systems will accustom travelers 
to flying in helicopters. They also will allow city planners the 
opportunity to place helicopters in optimal locations for both users 
and non users. Finally, they will open up jobs for pilots, mechanics, 
and ground personnel and will help to develop the qualified personnel 
and proper training programs needed for intercity helicopter travel. 
Scheduled Helicopter Carriers 
Scheduled helicopter systems have been confined to the cities of 
New York, San Francisco, Los Angeles and Chicago. At present, New .. 
York Airways, Inc. (NYA) , SFO Helicopter Airlines, Inc. (SFO), and 
Los Angeles He1fcopter Airlines, Inc., are providing intracity 
service in those respective urban areas. Chicago Helicopter Airways, 
however, is not currently offering any scheduled service. The present 
NYA and SFO route systems are shown in Figure 1 along with the former 
Chi ca~]Q network. 
The inauguration of these scheduled passenger helicopter services 
began in New York with New York Airways on July 9, 1953 (CAB, 1961d). 
This was fo11owed by Los Angeles Airways on November 22, 1954 and by 
Chicago Helicopter Airways on November 1, 1956 (CAB, 1961d). The 
last city to establish a helicopter system was San Francisco, which 
-4-
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Figure 1. Scheduled Intraurban Helicopter Routes. 
Sources: (World Airline Record, 1972) 
(Lovorn, 1976) 
(NYA, 1975) 
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had San Francisco and Oakland Helicopter Airlines, Inc., certificated 
for scheduled passenger operations on November 26, 1963 (CAB, 1965d). 
Their name was officially changed to SFO Helicopter Airlines, Inc., in 
1973 (CAB, 1974a). 
Scheduled passenger service proved to be less than lucrative, 
as Chicago Helicopter Airways suspended service on January 1, 1966 
( 1965d). los Angeles Airways did the same on October 7, 1970 
and went into bankruptcy (CAB, 1965d and CAB, 1971c). SFO Helicopter 
Airlines was forced to reorganize under Chapter X of the federal 
bankruptcy laws in July 1971 (Barber, 1975) and now is running a 
successful operation. Chicago Helicopter Airways transferred its 
certificated routes to Chicago He1icopter Industries on May 26, 1969 
(CAB, 1973d), It reformed under the name of Chicago Helicopter 
Airways (CAB, 1973d) and started passenger service again in 1969 but 
discontinued passenger operattoni on June 14, 1975 (CAB, 1975b). It 
still runs air taxi, charter, a·ndother helicopter services (Dajani 
et a1., 1976). Scheduled services would again be undertaken by the 
company if commercial flights to Midway Airport were to resume on a 
regular basis (Chicage Helicopter Airways, 1976). los Angeles 
Helicopter Services replaced Los Angeles Airways in 1972 as a charter 
and air taxi service (Dajani et al., 1976). It has become the 
aforementioned Los Angeles Helicopter Airlines and, since 1974, has 
operated scheduled passenger services (Ellis, 1976) .. 
New York Airways has been able to remain in operation since 
1953, during which time it has used both helicopters and fixed-wing 
aircraft. Its helicopter fleet began with a Sikorsky S-55; then 
it added a Sikorsky S-58, followed by a Boeing Vertol V-44 and 
finally the Boeing Vertol V-107 (Fucigna, 1973). The V-107 was 
eventually discontinued because of high costs and the fact that 
it could not climb to the top of the Pan American building on hot 
days (Dajani et al., 1976). During 1968 and 1969, NYA experimented 
with a STOl craft (Short Take Off and Landing), specifically the 
DH6 Twin Otter (Fucigna, 1973). However, it had to wait for runway 
clearance along with the CTOL and general aviation traffic at 
airports. This caused a loss of effectiveness in crosstown operations 
(Dajani et al., 1976). Since 1970, NYA has successfully flown the 
Sikorsky S-6l, which has come to be the dominant helicopter model 
in commercial operations. SFO Helicopter Airlines operates a fleet 
of three S-6l's (lovorn, 1976). los Angeles Airways used the S-61 
prior to its discontinuation of service in 1970. los Angeles 
Helicopter Airlines presently has two Sikorsky S-55 helicopters 
(Ellis, 1976), and Chicago Helicopter Airways employs an S-58C as 
well as a Bell 206 Jet Ranger (Chicago H~licopter Airways, 1976). 
-6-
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Airport Access 
From the route maps, it can be seen that the helicopter carriers 
have been r~nning intracity trips which are almost exclusively airport 
oriented or destined. Thus, it is apparent that the helicopter has 
become, at least in some areas, an alternative mode for the airport 
access/egress trips. To understand why, it is necessary to examine 
this issue in more depth. 
The airport access problem is best visualized in three phases. 
Phase one is the off-airport segment, which uses the local transporta-
tion network. Phase two is the on-airport segment, requiring the 
continued use of the same mode as in phase one. Phase three is the 
movement throu~h the terminal area from the primary access mode used 
in the first two phases to the departure/arrival gate (Whitlock and 
Sanders, 1973a; Kurz, 1975; and FAA, 197'1). 
The following is a list of the many factors involved in ground 
access and is intended to give an insight into the scope of the 
problem as it presently exists in this country. First of all, there 
are three basic purposes that generate an airport trip. These 
purposes are trips for air travel, work trips by a'irport employees, 
and visitor trips which include both visitors picking up or dropping 
off passengers and other service personnel with business at the 
airport. Table 2 shows the percentage distribution of these purposes 
based on surveys of different airports. 
Secondly, the modal choice for these trips is almost exclusively 
highway oriented. The 1969 American Society of Civil Engineers (ASCE) 
access survey (Sutherland, 1969) reported the average modal split for 
airport trips as shown in Table 3. The exceptions to the highway-
oriented access modes are the rapid transit system in Cleveland, the 
BART system in San Francisco, the COI11T1uter rail system in Boston, the 
planned rapid rail system in Washington, D.C., and the hel'icopter 
networks in New York, San Francisco, and Los Angeles. 
There also are daily variations in the time of day that most 
airport trips are made. As shown in Figure 2, most air-port trips 
are made during the peak rush hours in the morning an.d afternoon. 
Furthermore, airport trip origins are becoming mere dispersed through-
out the metropolitan areas. This is evident by the decline in the 
percentage of airport trips generated by central business districts 
(CBD). In 1960, a five-city survey showed that 43 percent of the air 
passengers originated in the CSD (Wohl, 1959). The ASCE survey using 
1967 data showed this percentage declining tc 29 percent -
(Sutherland, 1969). In addition, airport trips average only .55 
percent of all metropolitan area trips and .80 percent of all metro 
vehicle miles (Kurz, 1975). 
Finally~ of the 746 airports in the United States serving 
commercially certificated air carriers, 27 of them served 66.7 percent 
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Table 2. Percent of Airport Trips by Different PU1"poses. 
Airport Trip Purpose Range Average 
Air Passenger 33-55% 45% 
. ,
Employee 11-16% 22% 
Visitor 31-42% 33% 
Service Personnel 3-7% ~.,,--
Sources: (Whitlock and Sutherland, Cl eary, 1969) 1969) 
Table 3. Mode!. 1 Spl it for All Airport Tri ps. 
Mode Percentaae ... 
Car 58% 
Airport Bus/Limo 13% 
Public Bus 3% 
Taxi 20% 
Rental Car 6% 
Source: (Sutherl and, 1969) 
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of the air passengers in 1974 tCAB and FAA, 1974). Thus, it is no 
coincidence that studies show ground access congestion in 15 to 20 
airports (Whitlock and Sanders, 1973a and Kurz, 1975). Based on 
these factors and other past studies, five basic conclusions can be 
drawn concerning airport access: 
(1) Off-a·irport access (phase one) is a hi9hway 
conges ti on problem.· . 
(2) This off-airport access is basically a peak 
hour problem confined for the most part to 
major hubs. 
(3) Since airport generated traffic represents 
onJy a small portion of the total 
metropolitan area traffic, it is thus 
significant only if there are other traffic 
_ generators n~a~ the airport (Whitlock and 
'Sa~, 1973a). (4) While sevef'a-t .... airports have phase one congestion, 
many more have internal access prob1ems--phase 
two and three (Whitlock and Sanders, 1973a). 
(5) Airport authorities are aware of the problem 
but usually do not have the adequate information 
to quantify, or at times identify, the problem 
(Whitlock and Sanders, 1973a). 
Many solutions to the access problem have been suggested and 
several have: been tried. One general solution would be to encourage 
changes in travel patterns and travel times by pricing mechanisms and 
other methods (Whitlock and Sanders, 1973 and Kurz, 1975). To 
alleviate the terminal congestion of phase three, new terminal 
designs and changes in airport operation, including handling systems 
and intra-airport transit systems, have been implemented at some 
airports. In the on-airport segment of phase two, improved passenger 
nows can be expected by segregating pedestrian and vehicular traffic 
(Whitlock and Sanders, b), balancing central terminal area and remote 
parking (Whitlock and Sanders, b), and employing remote parking with 
free bus service to the terminal (Whitlock and Sanders, 1973a). 
Phase one, or the off-airport segment, concerns the local transporta-
tion system~ and solutions for congestion here include improving and 
coordinatin9 traffic signals (Whitlock and Sanders, b), bus priority 
preferential lane use, and capital intensive projects such as new 
roads or rapid transit systems, the dual mode vehicle which has 
rubber tired wheels but is also capable to running on rail road 
tracks, and finally, the helicopter with its capacity to fly over 
and avoid all of the ground congestion. 
The main advantage of the helicopter is its potential for 
saving time. In addition, a helicopter system requires a low 
capital investment, especially when compared with a rapid rail or 
new highway system. As noted earlier, a secondary benefit of 
helicopter systems se~ving airport access is that they will provide 
impetus for the implementation of intercity short-haul helicopter 
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systems. The major disadvantage of the helicopter is' the high oper'ating 
costs; therefore, helicopter transportation must be viewed as a system 
which serves those with high values of time. Another user disadvantage 
is the fact that a secondary access mode is needed from the heliport to 
the final destination and vice versa. Furthermore, there are still the 
problems of external noise and of internal noise and vibration. Finally, 
since only .55 percent of all metropolitan area trips are to the airport, 
a helicopter airport access service cannot be expected to alleviate, or 
even relieve, surface ground congestion. 
Although scheduled helicopter services have found a limited role 
in airport access, they have found no market in other types of cross-
town trips. Surely the airport is not the only major traffic generator 
in a city. The reason that there are no crosstown helicopter shuttles 
is the expense to the intracity traveler. Although this expense is no 
less for the air traveler, he already has made a substantial investment 
in his airplane ticket, and the helicopter flight, though expensive to 
the crosstown traveler, represents only a small portion of the 
total expenditure of the air traveler. Besides the benefit of speed, 
the helicopter is reliable, as it cannot be ~aught in a traffic jam. 
Thi s repreSE!nts a form of insurance on the investment of time and money 
of the air traveler in his flight. 
It shou1d be made clear that in the cases of New York, San 
Francisco, and Chicago most of the passengers were and are interair-
port transfers. These travelers neither originate nor are destined 
for those respective cities. In 1975, SFO carried 218,511 passengers 
on their scheduled service and, of those, approximately 130,000 flew 
between San Francisco International and Oakland Metropolitan International 
(Lovorn, 1976). New York Airways surveys indicate that some 80 percent 
of the helicopter passengers patronize the interairport service (NYA, 
1974). Similarly, in Chicago, the bulk of the travelers flew between 
O'Hare and Midway (Chicago Helicopter Airways, 1976), and the demise of 
that system resulted from the airlines abandoning Midway Airport, which 
negated the need for interairport service. 
The use of the helicopter for interairport transfers makes good 
sense. Once a traveler is in the air system, it is easier for him to 
stay there, as his baggage can be checked through and he avoids the 
surface congestion. Los Angeles Airways had a very extensive route 
system which appealed to originating and destined passengers produced 
by or attracted to the vast Los Angeles valley region. Though this 
type of operation does not seem to have the appeal of the interairport 
service, Los Angeles Airways managed to find some success because of 
the massive population of the area and because of urban sprawl which 
created great distances from residences; and businesses to the airport. 
The present Los Angeles Helicopter Airlines systEm is much smaller and, 
as yet, is not up to scale with the New York, San Francisco, and the 
defunct Los Angeles Airways systems in terms of flights and passengers. 
(It should be noted here that Los Angeles Airways is implied when 
reference is made in this report to that city and its scheduled 
helicopter system.) 
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Purpose of the Study 
The study underlying this report was intended to assist the planning 
of intY'acity helicopter systems so that their current operations would 
both provide an alternative 'airport access mode and promote future inter-
city operations. A major component of the study was the development of 
an interurban helicopter cost model having the capability of selecting 
an efficient helicopter network for a given city in terms of service and 
total operating costs. 
In Chapter II, the relationships between the different operating 
parameters such as headways, flight time, costs, costs per seat mile, 
and the 1 ike will be derived. Of primary importance; s the cost model 
relating total and direct opeY'ating costs to the number of block hours 
of helicopter operation. 
The third chapter shows how the cost model and the other parameter 
relationships are compiled into a computer model package which simulates 
the operation of an intracity h,~~licopter fleet over a given network. 
The model is then applied to several major metropolitan areas in the 
United States. Furthermore, for each city, the results have been 
translated into a break-even air passenger market penetration rate. 
This is the percent of the air travelers in that city that would have 
:to patronize the helicopter netwoy'k in order for it to break even. 
Chapter IV contains the summary and conclusions. 
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Chapter II 
COST AND PARAMETER RELATIONSHIPS 
Introductory Theory 
In order to develop a cost model for intracity helicopter systems, 
it is necessary to recognize that this system is of the fixed scheduled 
type. For any fixed schedule system, the following cost relation exists: 
System Cost = f(Market, Level of Service, Passenger Volume) 
Graphically, this is shown in Figure 3. "Market" Y'efers to the route 
structure, which implies the areas to be serviced and the distance a 
helicopter must travel. "Level of Service ll is a quantity that 
encompasses the two general areas of ride quality and frequency of 
service. Ride quality is a non-quantifiable item which includes 
. safety, reliability, comfort, convenience, and the like. T~is study 
assumes that ride quality is determined by present technology and that 
it is not a significant factor for very short trips of the type 
considered here. Thus, level of service is reduced to frequency of 
service or headway. IIPassenger volume ll is the number of passengers 
who patronize the service. It would affect total operating costs 
mainly in the case of very large volumes in which additional 
helicopters would be needed to handle the demand. It is not expected 
that this will be the case with intraCity helicopter systems. 
Although passenger demand will not affect total operating costs, 
it influences the costs per passenger mile and the resulting 
calculation of fares. 
If the above cost equation were known, it would describe the 
supply and demand relationships. In accordance with microeconomic 
theory, the system developers could optimize their network parameters 
so as to operate within supply and demand equilibrium. Transportation 
planners have theorized supply and demand relations for highway 
fac.ilities, as shown in Figure 4, in which the cost per trip is 
related to the highway volume. The supply curve shows that as the 
highway volume increases so also does the cost to the traveler in 
terms of fuel, time lost, convenience, or ride discomfort, road 
safety, and the like (Stopher and Meyburg, 1975). Note also that 
as the capacity of the road increases, the cost of using the facility 
will increase more slowly with increased road volume. The demand 
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Figure 3. Cost Relationship for a Fixed Schedule System. 
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curve shows the number of drivers that are willing to take a trip at 
different cost levels. Only a few can afford to pay very high costs 
for highway transportation, in terms of dollars, but many more can 
afford lower cost levels. 
In the case of fixed scheduled services, such as helicopters, 
buses, or rapid rail systems, supply curves also can be theorized. 
Trip costs in these systems will vary with the level of services 
(frequency), as shown in Figure 5. The curve dictates that at 
constant passenger volumes the frequency of service is positively 
related to the tri p cost. Thi sis because it wi i1 cost more to 
produce an increased number of operations and each passenger must 
pay more if the volume stays constant. They are receiving better 
service because their waiting time (one-half the headway) is reduced. 
In addition, at constant service levels, trip costs will decrease 
with increasing passenger volumes, as illustrated in the figure . 
. It should be noted that Figure 5 relates the passenger cost to the 
level of frequency of service for a given market or set of nodes 
being served by either the helicopter or the fixed sci.eduled vehicle. 
Service to the urban area as a whole increases when new markets or 
nodes are included in the system network. The helicopter simulation 
model presented in Chapter I II is capabl e to rel at"ing these two types 
of service variations - either the addition or deletion of nodes 
and/or the increase or decrease of the headway (level of service) 
maintained between the nodes - to the total system cost. 
Operating Parameters 
An intraurban helicopter system or network is composed of one or 
more helicopter routes, which in turn is composed of a series of 
links and nodes. The nodes are the helicopter traffic generators, 
and the links are the helicopter flight paths between the nodes. The 
headway to be maintained between these nodes will influence the flight 
time for the helicopters. The cost model can use the flight time to 
predict the direct and total operating costs. This assumes that demand 
will not be such that more operations are required and consequently 
passenger voiume will not affect the total system cost. 
To determine these parameter relationships quantitatively, two 
trip types will be considered. The first is a one-way helicopter 
trip between two nodes. The second is a round trip between two or 
more nodes terminating at the originating node. 
In the first instance the helicopter flight time is 
-15-
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where t ij = the flight time in minutes for a trip between i and j 
dij = the distance in miles between nodes i and j 
v = the speed in miles per hour (mph) 
nodes 
The flight time and speed are termed the block time and block speed, 
respectively. Block time is the elapsed time between the point when 
the helicopter first starts to move under its own power until the 
time it comes to rest at the next landing spot. The difference in 
airborne time and block time is more significant in airplanes because 
the block time includes all taxi runway times. The headway maintained 
from node i to node j will determine the frequency which is the number 
of operations or trips in an hour, or 
h·· = 60/f·· 1J lJ 
fij = 60/hij 
where hij = the headway from i to j in minutes 
f· . = the number of trips per hour from i to j lJ 
The system will be operating for a certain number of hours each day, 
Hd, and a corresponding number each year, Hy• Thus, the number of 
flights from i to j in one year is 
F·· = f··H lJ lJ Y 
F·· = (60/h· ·)H lJ lJ Y 
Consequently, the number of block hours per year run between i and j 
is Tij , in which 
Tij = t ijFij/60 
= tij(60/hij)Hy/60 
= (ti/hij)Hy 
Presumably, the network is composed of many·j to j links, and thus 
the direct (CD) and total (CT) operating costs are derived from the 
sum of the block hours/per year. 
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Co = fO(LTij ) 
CT = fT(I:Tij ) 
where fO = the function describing the direct operating costs 
fT = the function describing the total operating costs 
The above costs are not calculated for each link and then summed. This 
is due to the fact that the indirect operating costs are shared among 
the links and they are not expected to increase that much with the 
addition of new links. 
Since the model involves a~ intracity system operating over 
short distances, it would be expected that the helicopter returns to 
its original node at some time during the day. This results in the 
second trip type, the round trip. Given a round trip route of n 
nodes and consequently n links, the round trip block time is 
n 
tRT = ~tij 
1 
n 
= L (d· ·f) 60 i lJ 
where tRT = the round trip block time in minutes. 
Assuming the headway for each link i to j on a given route is a constant, 
h, then 
The flights per yeal" from each node i to j are also equivalent. 
as 
Therefore, let 
F = Fij for all i and j 
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The number of block hours per year flown over this round trip route can 
be given by the sum of the block hours for each ij link. 
T = ~T·· lJ 
= ~(tijFi/60) 
= ~(tijF/60) 
= (F/60) rtij 
= t RT (F/60) 
It should be recognized that F is both the number of flights from one 
given node on that route to the next and the number of round trips per 
year. Any node can be considered the node of origination to which 
the helicopter returns. Hence, 
where NRT = the number of round trips per year 
Therefore, 
NRT = F = (60/h)Hy 
T = t RT (60/h)Hy60 = tRT(Hy/h) 
This is the block hours for one round trip route. If there are more 
than one of these in the network, they must be summed and applied to 
the following cost functions: 
is 
Co = fO(rT) 
CT = fO(rT) 
The number of seat miles traveled on a general round trip route 
where 0 = the seat miles per year 
dRT = the round trip distance in miles 
c = the capacity of the helicopter 
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The total seat miles for the network, of course, will be the sum of the 
seat miles for each round trip route, 
La 
and the cost per seat mile for the system is 
Even though this model relies solely on block hours without regard for 
how many helicopters are involved, it is important to know how many 
helicopters are needed on each route to sustain a given headway. Assume 
a headway of h at each of the n nodes on a round trip route. If one 
helicopter is running this route, it must be able to return to each node 
within the headway or the headway will not be maintained. In other 
words, the round trip block time must be less than the headway, or 
tRT<h, If not, a second helicopter must be added, and each one then 
wi 1 have a time of twice the headway before it must return to the node 
from which it just left. If this is not the case, a third helicopter 
must be added to maintain the frequency. The amount of available time 
for the helicopter to return to the node that it just left is called 
the cycle time. The expression for the available cycle time (tc) that 
each helicopter has on a given route is 
where NH = the number of hel icopters operating that route. 
Thus the number of helicopters needed on a route is the smallest number" 
that satisfies the inequality 
This expression does not include any time for either boarding the 
helicopter or any other layover purpose. If such time becomes 
necessary, the inequality should be changed to 
tRT+nl~tc 
where n = the number of nodes on the route 
1 = the required layover time at each node 
-19-
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Cost Model 
The task of deriving a relationship between costs and flight time 
(block hours) can follow the form, 
C = ATa + B 
where C = cost 
T = block hours 
A, B and a are constants. 
To accomplish this task, an investigation of Civil Aeronautics Board 
(CAB) data of past scheduled intracity helicopter operations was made. 
Applicable data listing flight time and costs was found for SFO 
Helicopter operations from 1966 to 1974 using the S-61; LA Airways 
opel"ations from 1966 to 1969 using the S-61; NY Airways operations 
from 1970 to 1974 using the S-61; and NYA operations from 1966 to 
1969 using the V-l07. The data was found in Air Carrier Traffic 
Statistics, Air Carrier Financial Statistics, and Aircraft Operating 
Cost and Performance Report. The reason for the scarcity of applicable 
data was that the latter report has been published only since 1966, but 
it is the one which contains performance data. 
In addition, the Sikorsky Helicopter Division of United Aircraft 
published projected direct operating costs for the S-61 for 1000, 
lSOO, 2000, 2S00 and 3000 hours of operation. These projections are 
listed in Table 4. An alteration was made on the depreciation amounts 
because the estimates by Sikorsky showed a zero interest rate and its 
assumptions of the life and residu~l value of the helicopter did not 
coincide with the listing of those!values by the CAB. 
The historical CAB data had to be ?djusted for the effects of both 
inflation and the intercity differences in the consumer price index. 
This was 'done using the following formula: 
CPI U CPI U C . = C (_,197S, S)( 1975, S) 
1975,1 year,i CPlyear,US CPI197S,i 
where C1975,i = Cost in city i in 1975 
Cyear,i = Cost in city i in given year 
CPI1975,US = U.S. Average Consumer Price Index in 1975 = 161.2 
(CPI1967 ,US = 100) 
-20-
I~-~ 
r 
~'_ , .... .n.' . _ • . ' • 4¥ " ~  >""-::....., ..~+4 
, . ,,~:.~ .. : 
, 
;---,. 
~.""-'-.-. ;... , ... ---. ... ,... - '~ '.. 
I 
N 
..... 
I 
Table 4. Sikorsky S-61 Direct Operating Cost Projections 
Annual Costs Annual Hours of Operation 
(in 1975 dollars) 
1000 1500 2000 2500 3000 
Tota 1 Flying 
Operation Costs $293.40 $243.60 $218.70 $203.76 $193.80 
Total Direct 
Maintenance 156.43 151.42 148.08 148.08 149.75 
Depreciation 314.22 209.48 157.11 125.69 104.74 
Direct Operating 
Costs per Hour 764.05 604.50 523.89 477.53 448.29 
Direct Operating 
Costs 764,050 906,750 1,047,780 1,193,825 1,344,870 
Total Operating 
Costs 1,528,100 1,813,500 2,095,560 2,387,650 2,689,740 
Notes: 1) Source: (Sikorsky, 1974) 
2) Data in 1976 dollars, but for the analysis the above costs. were assumed to be 
in 1975 dollars . 
. 3) The depreciation is based on a capital investment of $2.9 million, a residual 
value of 10%, a 15 year life, and an interest rate of 7.5%. 
4) TOC assumed to be twice DOC. 
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CPIyear,Us = u.s. Average Consumer Price Index in given year 
CPI1975 ,i = Consumer Price Index for given city i in 1975. 
The corrected data from New York Airways (NY), SFO Helicopters 
(SFO) , and Los Angeles Airways (LA), and the Sikorsky cost projections 
(Sikorsky) are shown in Table 5 and plotted in Figure 6. The Sikorsky 
projections were supposed to be in 1976 dollars, but for the purposes 
herein they were assumed to be in 1975 dollars, as there was no way 
to adjust these costs realistically. 
The data provided herein clearly indicates that the costs of 
New York Airways are di sproport'iona lly higher than each of the other 
systems being considered. An analysis of the data reveals that while 
the direct to indirect operating cost ratios are approximately the 
same for a 11 systems, both the revenue per passenger mi 1 e and the 
average fare collected in the San Francisco and Los Angeles systems 
are about 60 percent of those for the New York system. Thus, it is 
apparent that New York Airways and the companies who supply NYA know 
they can charge inflated prices because NYA is able to pass the costs 
onto the helicopter passengers. In San Francisco the helicopter 
passengers apparently are willing to pay only lower fares. If the 
fares are increased too fast, they will force the helicopter passengers 
to use other airport access modes. This forces SFO Helicopters and 
their suppliers to set their prices competitively. LA Airways, on 
the other hand, went out of business, not because of high costs or 
high fares, but because of a great decrease in passenger volume resulting 
mostly from two accidents to helicopters belonging to the company 
(World Airline Record, 1972). 
The question still remains as to the reason why air passengers in 
New York are willing to pay $20 for a helicopter flight while those in 
San Francisco are willing to pay only $12. The answer may be due to 
the international travel generated in, or at least through, New York~ 
An international flight is more expensive than a domestic flight, 
causing the inflated New York helicopter fares to be only a small 
portion of the total expenditure. In San Francisco and Los Angeles, 
there is not as great an international travel market, and thus the air 
travelers in those cities do not find the inflated helicopter fares 
economical. 
Since New York is a unique situation, any other city in the 
country would probably be more similar to San Francisco and Los Angeles, 
as far as intraurban helicopter development is concerned. 
*In FY 1975, Kennedy International enplaned 2.38 million international 
~ravelers and Newark International enplaned an additional 208,000. 
The next closest hub was Miami with 922,000 international enplanements 
followed by Honolulu International with 401,000 (CAB and FAA, 1975). 
I 
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City & Block 
Year Hours 
NY 1974 6,973 
NY 1973 6,483 
NY 1972 6,470 
NY 1971 7,604 
NY 1970 5,328 
SFO 1974 4,480 
SFO 1973 4,322 
SFO 1972 3,843 
SFO 1971 3,565 
SFO 1970 4,535 
SFO 1969 6,477 
SFO 1968 6,244 
SFO 1967 5,322 
SFO 1966 4,684 
LA 1969 8,229 
LA 1968 12,337 
LA 1967 13,015 
LA 1966 10,073 
Table 5. S-61 Intraurban Cost Data 
(Adjusted for Inflation by the Respective City CFIls 
and the Resulting Difference from this Procedure) 
Consumer 
Price Index Costs in 1975 Dollars 
U,.S. City Direct Indirect Total 
147.7 154.8 3,706,659 4,072,170 7,778,830 
133.1 139.7 3,627,865 4,100,964 7,728,829 
125.3 131.4 3,548,483 3,860,087 7,408,570 
121.3 125.9 3,736,152 3,879,555 7,615,707 
116.3 119.0 3,037,737 3,366,910 6,404,647 
147.7 144.4 1,633,210 1,972,578 3,605,789 
133. 1 131.5 1,581,965 1,661,646 3,243,611 
125.3 124.3 1,555,585 1,602,272 3,157,858 
121.3 120.2 1,687,771 1,630,104 3,317,876 
116.3 115.8 2,105,482 2,173,693 4,279,175 
109.8 110.2 3,088,690 2,740,545 5,829,235 
104.2 104.5 2,721,117 2,543,720 5,264,837 
100.0 100.0 2,499,405 2,067,389 4,566,794 
97.2 97.1 2,571 ,562 2,257,795 4,829,358 
109.8 108.8 3,398,088 3,172,882 6,570,971 
104.2 103.9 4,490,017 3,880,280 8,370,297 
100.0 100.0 4,028,386 3,638,282 7,666,669 
97.2 97.5 3,302,532 2,760,238 6,062,771 
... ~--
Differences in Dollars 
Data Corrected by u.s. CPI 
Minus 
Data Corrected by City CPI 
Direct Indirect Total 
-178,183 -195,754 -373,936 
-179,892 -203,351 -383,244 
-172,751 -187,921 -360,672 
-141,682 -147,119 -288,802 
-70,525 -78,167 -148,693 
36,491 44,073 80,564 
19,017 19,975 38,991 
12,415 12,788 25,203 
15,306 14,783 30,090 
9,051 9,345 18,396 
-11,252 -9,984 -21,236 
-7,834 -7,323 -15,158 
0 0 
° 2,645 2,323 4,969 
30,947 28,896 59,844 
12,928 11,172 24,099 
0 0 0 
-10,193 -8,520 -18,713 
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Figure 6. S-61 Intraurban Cost Data. 
Sources: From NY (1970-74), SFO (1966-74), LA (1966-69, and 
Sikorsky Cost Projections. Data Adjusted for Inflation 
by Respective City CPl's. 
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Thus, a cost model was developed, using SFO, LA, and Sikorsky data, 
to the exclusion of the unique characteristics of New York Airways. A 
least squares fit of these data has led to the following equations: 
Co = 10,900 TO.64 - 325,600 
CT = 36,700 T
O
.
58 
- 824,700 
(R2 .. 0.938) 
(R2 = 0.948) 
At 2000 block hours per ye~r, CD = $1,084,000 and CT = $2,194,000. These 
equations should be considered to be valid in the range of 2000-13,000 
hours, which represents the range of available data. These cost equations 
are shown in Figure 7 and will be used in the simulations discussed below. 
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Figure 7. S-61 Intraurban Cost Model. 
Sources: Based on SFO, LA, and Sikorsky Data (18 cases). 
Adju'sted for Inflation by the Respective City CPI's. 
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Simulation Model 
Chapter III 
NETWORK SIMULATIUN 
To effectively use the cost equations developed in the previous 
chapter, a computer model was designed to incorporate the other 
operating parameter equations and to simulate the operations of a 
scheduled intraurban helicopter system over the course of a year. 
This simulation model was designed to use a proposed helicopter network 
a~' the input and the resulting cost of operation as the output. By 
employing this model, helicopter system developers can make changes 
in proposed networks in terms of market areas served, headways, and 
network route structures. In addition, they receive a total cost figure 
for each network, which allows them to optimize service and costs. 
Aside from this feature, the simulation model for this study allows 
peak and off-peak hour headway variations, calculates fares and the 
cost per seat mile, and further determines a break-even penetration 
rate for the helicopter network. 
The simulation model has general inputs for both the urban areas 
and the helicopter itself, and it has input data specific to the 
proposed helicopter network. The general inputs include the peak and 
off-peak traffic times for airport trips and the speed and capacity 
of the intraurban helicopter, presumably a Sikorsky 5-61. For the 
purpose of this study, the general input data also include the average 
helicopter fare for the San Francisco and Los Angeles cases, the 
average load factor for all of the 5-61 routes investigated, and the 
number of air travelers making airport access/egress trips in the city. 
The proposed network must have its route structure input in terms of 
round trips. The data specific to each network is the distance and 
order of succession of each link on each round trip route and the head-
way to be maintained around each of these routes during the various 
peak and off-peak periods. 
The outputs from the model will apply to the particular input 
network. The outputs include the system cost, the cost per seat 
mile, and fare per seat, and the fare per passenger, if the above 
mentioned average load factor is to be achieved. These latter two 
outputs are calculated for each link ·of every round trip route. In 
addition, all of the intermediate parameters from the previous chapter 
which are needed to calculate the above also are printed in the 
output. 
Finally, the percentage of air travelers in a given urban area 
needed for the the helicopter network to break even is calculated. 
} 
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This is called the break-even market penetration rate and is determined 
on the basis of charging each helicopter passenger the average fare 
found in the San Francisco and Los Angeles cases. The New York data is 
ex.c1uded because, as concluded in Chapter II, New York is a special 
transportation hub unlike any other in the United States. Therefore, 
the costs and fares for helicopter systems in other cities will be more 
ak,in to the San Franci sco and Los Angel es cases. Furthermore, the 
re,venue per passenger mile was not employed in this algorithm because 
it requires knowledge of the average helicopter trip length in the 
proposed networks, which is difficult to predict. More importantly, 
however, the average fare was used here for the same reason the average 
fare ratio was used in adjusting the New York cost data. Intracity 
helicopter passengers are more sensitive to the total fare than to the 
cost per seat mile, because all trips, regardless of distance, are quick. 
Since the major market for intracity helicopter systems is air travelers 
making airport access/egress trips, then for the sake of realism this 
quantity must exclude intra-airport transfers. The parameter definitely 
includes the all important inter-airport transfers. It should be noted 
that enp1anement data was obtained from fiscal year 1975 (CAB and FAA, 
1975), and transfer data was from 1971 (Whitlock and Sander, 1973a) 
Appendix A contains these air passenger calculations. 
The flowchart for this simulation model is shown in Figure 8. 
Referring to the step numbers within Figure 8 and to Tables 6 and 7, 
which define the symbols, the following describes the simulation 
model used in this study. 
Step (1) inputs the city's name, the names of the airports within 
the helicopter network, the total number of air passengers requiring 
airport access or egress at these airports, the clock time dividing the 
four peak periods and off-peak periods of the day, the number of hours 
of the day in each time period, the seating capacity of the helicopters, 
the block speed, the average load factor, and the average fare obtained 
in the San Francisco and Los Angeles cases. The model application here 
assumes the use of an S-61 helicopter having a seating capacity of 26 
and a block speed of 97.6 mph. Also assumed was an average load factor 
of 40 percent and an average one-way fare of $12.835. The speed and 
tne load factor parameters are the averages of the 18 historical S-61 
cases of New York, San Francisco and Los Angeles. The 
$12.835 fare is the averaoe of the 13 San Francisco and Los Anae1es 
cases which were investig"ated." -. . -
The model has been designed to simulate more than one proposed 
network for an urban area in one computer run. Step one introduces 
the general input parameters which are constant for the city, the 
system, and the helicopter. Steps 2 through 15 are performed for 
each proposed network of the given urban area, as described below. 
Step (2) inputs are the number of routes in the proposed heli-
copter network. 
"Step (3) inputs the number of nodes on each route, the respecti ve 
route descriptions, the link distances, including any that are 
-28-
1 
I 
-~ .. 
i' 
" 
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CITY(L) ,AIRFRT' (L) ,TIME(Ll 
AIRPAX, SERHPD (I ) ,CAP :1 
' ... 
BLKSPD,ALF,AVFARE j . 
(2) 
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(4) 
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Figure 8. Flowchart for Simulation Model 
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(6) 
SYSHN(I)=O 
SYSFLT (I )=0 
SYSRIYr(I)=O 
SYSBHR(!)=O 
HNTOT=O 
FLTTOT=0 
RDTTOr=O 
BHRTOT=0 
SMTOT=O 
RTEHN=O 
RTEFLT=O 
RTERDr=O 
RTEBHR=O 
RTESM=O 
'Fi9ure 8. (continued) 
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.RNDTRP=(60/HDWY(N.!»xSER~RS(I) 
FLTSPY=RNDrRPXNODES(N) 
BLKHRS=BTRDTXRNDTRP/60 
SM=CAPxRNDTRPxDRT 
Fjgure 8. (continued) 
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II 
RTERDT=RTERDT+RNDTRP 
RTEFLT=RTEFLT+FLTSPY 
RTEBHR=RTEBHR+BLKHRS 
RTESM=RTES1f.+SM 
SYSHN(I)=SYSHN(I)+HN 
SYSFLT(I)=SYSFLT(I)+PLTSPY 
SYSRDT(I)=SYSRDT(I)+RNDTRP 
SYSBHR(I)=SYSBHR(I)+BLKHRS 
SYSSM(I)=SYSSM(I)+SM 
. Calli 
COSTS(TOCRTE,DOCRTE,RTEBHR) 
HNTor=HNTOT+RTEHN 
RDTTOT=RDTTOT+RTERDT 
FLTTOT=FLTTOT+RTEFLT 
BHRTOT=BHRTOT+RTEEHR 
SMTOT=sr.rr O'!'+RTESM 
Figure 8. (continued) 
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FAREPX(N.J)=FAREST(N.J)/ALF 
Figure 8. (continued) 
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Table 6. Parameters and Symbols. 
Pa ranleters 
Alphanumeric Data: 
City Name 
Airport Name(s) 
Clock Times Separating the Four 
Periods of the Day 
Route Descriptions 
Symbol Computer Symbol 
CITY(L) 
AIRPRT{L) 
TIME(L) 
RTEA(N,L) 
L refers to the number of four letter alphanumeric words 
needed to complete the expression. 
One Way Link Trip Data (from node i to node j): 
Distance, miles d· . D(N,J) 
. , J Block Time, minutes t· . BT(N,J) 
Headway, minutes h~~ lJ Frequency, flights/hour f· . lJ Flights per Year Fij 
Block Hours per Year T· . lJ 
Round Tri p Data: 
Distance, miles dRT DRT Block Time, minutes tRT BTRDT 
Headway, minutes h HDWY(N ,I} 
Number of Round Trips per Year NRT RNDTRP Flights per Year F FLTSPY 
Seat Miles SM 
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Table 6. (continued) 
Parameters Symbol 
General Data: 
Bnock Speed, mph 
Capacity (of the S-6l) 
Network Operating Hours per Day 
Network Operating Hours per Year 
Number of Helicopters Needed 
Cycle Time 
Layover Time at a Node 
total Number of Routes in 
the Network 
Route Number 
Total Number of Links or Nodes 
on Route N 
Link Number 
Time Periods of the Day 
AM Peak 
Base 
PM Peak 
Night 
Direct Operating Cost 
Total Operating Cost 
Cost per Seat Mile 
Average Load Factor 
Fare per Seat 
Fare per Passenger 
Average Fare (SFO and LA) 
Total Air Passengers excluding 
Intra-Airport Transfers 
Number of Helicopter Passengers 
Needed to Break Even 
Penetration Rate Needed to 
Break Even 
v 
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ComQuter Symbol 
BLKSPD 
CAP 
SERHPD 
SERHRS 
HN 
CTA 
NRTES 
N 
NODES(N) or 
LINKS 
J 
I 
1=1 
1=2 
1=3 
1=4 
DOC 
TOC 
CPSM 
ALF 
FAREST 
FAREPX 
AVFARE 
AIRPAX 
PAXBE 
PENBE 
: I 
1 I l 
.( 
~ 
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1 j 
1 
1 
~ 
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1 ; j 
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Table 7. Computer Symbols Under the Different Network Dimensions. 
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Parameters 
Distances 
Block Time 
Headway 
Helicopters Needed 
Round Trips per Year 
Flights per Year 
Block Hours per Year 
Seat Miles per Year 
DOC per Year 
TOC per Year 
Cost per Seat Mile 
Fare per Seat 
Fare per Passenger 
Break Even Penetration 
Rate 
Three Dimensional Network: 
(l) Routes N=l to NRTES 
(2) Links J=l to NODES(N} 
(3) Time of Day 1=1 to 4 
For Each Rte. 
& Time Period 
of the Day 
N&1 
HDWY(N ,I) 
HN 
RNDTRP 
FLTSPY 
BLKHRS 
SM 
For Each Link 
on Each Rte. 
of the Network 
N&J· 
D{N,J) 
BT(N,J) 
FAREST(N,J) 
FAREPX(N,J) . 
~ 
For Each For 
Time Period Each 
of the Day Route 
I N 
DRT 
BTRDT 
SYSHN(I) RTEHN 
SYSRDT{I) RTERDT 
SYSFLT(I) RTEFLT 
SYSBHR(1) RTEBHR 
SYSSM(I) RTESM 
DOCRTE 
TOCRTE 
CPSMRT 
,' ... 
For Network 
as a Whole 
HNTOT 
RDTTOT 
FLTTOT 
BHRTOT 
SMTOT 
DOC 
TOC 
CPSM 
PENBE 
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repetitious, and the headway to be maintained on the route during the 
different time periods of the day. 
Step (4) calculate,s the block time in minutes for each link on 
each route. 
Step (5) calculates the hours per year in each of the four time 
periods. This is done on the basis of a seven-day week. If service 
was to be changed on weekends, a fourth dimension would have to be 
.added to define daily or weekend service. This was not believed to be 
necessary as the NYA and SFO schedules do not change altogether on 
the weekends. They merely omit the less utilized flights. New York, 
in some cases, adds other flights on Sunday, but the daily schedules 
remain basically intact. 
Step (6) zeroes all of the variables which are to be sums of 
other variables. 
Step (7) calculates the round trip distance and block time for 
each route in the network. 
Step (8) calculates the number of helicopters needed on each 
route N during each Ith period of the day by the algorithm described 
in Chapter II. Similarly, step (8b) calculates the annual number of 
round trips, flights, block hours, and seat miles on each route during 
each time period of the day. 
Step (9a) determines the number of helicopters needed to run the 
route during the day. This is not the sum of the helicopters needed 
during each of the four time periods. Rather, it is the maximum 
number of helicopters needed during anyone of the time periods. For 
each route in the network, step (9a) sums up the annual number of round 
trips, flights, block hours, and seat miles. 
Step (10) sums up the parameters determined in step eight accordin~ 
to the time peri od of the day. In thi s case, for each Ith peri od of the 
day, the number of required helicopters are summed over all the routes 
in the network. 
Once a route has been summed over all four time periods, step (11) 
is conducted. Step (lla) calls the subroutine containing the cost 
function, which results in the computation of the direct and total 
operating costs for each route. Step (llb) calculates the cost per 
seat mile on each route, and step (llc) calculates the network parameter 
totals by summing the route totals. Steps (lla) and (llb) show the 
cost of each route under the assumption that it is the only one in the 
network. The system costs will not be the sum of the route costs. 
Once all the parameters have been totalled for all the routes, 
the cost model again is called, step (12), which yields the annual 
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direct and total operating costs for the network. The cost per seat 
mile is then calculated. 
Step (13) calculates the fare per seat for each link on each 
route by multiplying the cost per seat mile by the link distances. 
Step (14) calculates the fare per passenger for each link in 
the network on the basis of an average load factor of 40 percent. 
This is accomplished by dividing the above fare per seat by the load 
factor. 
Finally, step (15) computes the number of passengers needed to 
break even and the corresponding penetration rate on the basis of 
an average fare of $12.835. The number of passengers needed to break 
even is merely the total operating cost divided by this average fare. 
The penetration rate is the above passenger level divided by the total 
number of air passenger access/egress trips. 
Model· Application 
The first consideration in applying the model is to decide which 
urban areas could best support an intraurban helicopter service. It 
is assumed that the intraurban network will concentrate on airport 
access/egress trips, as has been the case in present and past systems. 
Criteria for successful helicopter airport access operations have been 
established in The Role of the Helicopter in Transportation, in which 
it was contended that lithe most significant component is ... a major 
population center which will generate sufficient amount of highway 
traffic to cause congestion problems at peak hours, allowing the heli-
copter to provide significant time savings over surface modes" 
(Dajani et al., 1976). Indeed, the combination of airports and major 
population centers implies large hubs. The second condition, requring 
lithe presence of a system of airports within a major transportation 
hub" (Dajani et al., 1976), results from the heavy inroads helicopter 
transportation has made into the interairport transfer market. Lastly 
is the presence of physical barriers such as bodies of water or mountains 
which "result in costly, time consuming and circuitous surface routing" 
(Dajani et al., 1976). Thus, the model will be applied to large hub 
urban areas, with, particular attention to those with multiple airports 
and those having any constraining physical ground barriers. 
As for the nodes in these cities which will act as good helicopter 
traffic generators, only three types are considered. First, of course, 
a~e the airports; second is the central business district (eBO) of the 
metropolitan area, and third are the suburban zones of 50,000 or more 
within the Standard Metropolitan Statistical Area (SMSA). All 
population data herein is from the 1970 census. The reason for these 
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three nodes are that primary helicopter utilization is for airport access 
trips, which involve airport landings. In addition, the CSD has tradi-
tionally been a major producer of air travelers. And finally, heavily 
populated areas undoubtedly will produce air travelers; therefore, it is 
possible that a sufficient number can be induced to ride helicopters in 
such areas. The influence of heavily populated areas on helicopter travel 
was borne out by a 1971 DOT-NASA report on non-airport helicopter trips: 
"Effective utilization of helicopter depends upon a concentration at 
both origin and destination of large numbers of potential customer" 
(A.D. Little, Inc., 1971). There may indeed be other helicopter traffic 
generating nodes within different urban environments. However, this can 
only be determined by planners in those cities who have knowledge of any 
special situations. 
" Consequently, this simulation will be concerned only with the following 
six types of trips (either link or one-way): 
(1) Airport to/from airport. 
(2) Airport to/from CSD. 
(3) Airport to/from suburbs of 100,000 or more. 
(4) Airport to/from suburbs of between 50,000 and 100,000. 
(5) CSD to/from CBD for adjacent or nearby SMSA's. 
(6) CSD to/from suburbs. 
The other major inputs to the model are peak hours and headways to 
be maintained. To determine reasonable values for these, 1975 NYA and 
SFO daily schedules were examined, and the results are shown in Figures 
9 through 12. 
Based on that data it was decided to use the peak and off-peak 
periods and the headways shown in Table 8 for all cities modeled. 
The headway chosen on the various round trips routes were the 
lowest applicable times, according to Table 8. Thus if a helicopter 
flew from one airport to another and then downtown and finally back 
to the original airport, the airport to/from airport headways of 45, 
60, 30, and 60 minutes would be employed in the respective time periods. 
As for the market area nodes, no additions or deletions were made in 
this simulation. All the nodes which are potential market areas, 
according to established criteria, were included. The only service 
variations undertaken in this simulation was that of redesigning the 
network links and any associated headway changes. In effect, this 
approach consolidated I"'oute networks so that the low cost solution 
could be found. As will be seen, the total operating cost of the 
system does not correspond directly to the cost per seat mile. Further-
more, by not varying the nodal markets and the headways, the model 
simulation will yield the potential full scale network system and its 
cost on the basis of current technology and market demand. Thus, a 
basis for comparing the most optimal helicopter network in each of the 
different cities is formed because all systems are full scale operations 
under present day circumstances. 
I 
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Table~. Headways and Peak Period Times 
to be Used in the Simulation Model 
Route 
AM Peak 
Base 
PM Peak 
Night 
Airport to Airport 
Airport to or from CBD 
Airport to or from Suburb 
of 100,000+ 
Airport to or from Suburb 
of 50-100,000 
CBD to or from CBD 
CBD to or frpm Suburb 
6:30 am to 10:00 am 
10:00 am to 4:00 pm 
4:00 pm to 8:00 pm 
8:00 pm to 10:30 pm 
Headways in Minutes 
AM Peak Base PM Peak 
45 
·60 
90 
120 
-45-
60 
90 
120 
180 
30 
60 
90 
120 
Night 
60 
120 
120 
240 
.. 
-
-. ~- --T-
._~. '. __ ~ r 
City Descriptions 
The following describes each of the cities modeled, the potential 
helicopter nodes that currently exist, and the networks route structures 
employed on the simulation. The Standard Metropolitan Statistical Area 
populations and rank for 1970 are also listed. Other populations cited 
are also from the 1970 census. Aside from these urban areas, the San 
Francisco system was modeled with its present route network. New York was 
not simulated as the model does not apply to a city with as much inter-
national air travel as New York . 
Atlanta: SMSA Population 1,390,164 - Rank 20 
Hartsfield Airport in Atlanta is second only to O'Hare in Chicago 
in the number of enplaned passengers. Hartsfield, however, has a higher 
proportion of transfering passengers than O'Hare, 60 percent versus 
50 percent, respectively (Whitlock and Sanders, 1973). This substantially 
reduces the number of passengers needing airport access. The only other 
node of importance is the Atlanta CBO with its large commercial district 
and central~city population of 497,000. The current helicopter 
network in Atlanta, therefore, would consist of a single route between 
the CBO and the airport. 
Boston: SMSA Population 2,753,700 - Rank 8 
i 
Boston has four nodes of importance: Logan International Airport, 
the CBD, Cambridge, and Newton. Cambridge has a population of 100,000, 
while Newton has 91,000. Although the distance from the three areas to 
the airport is not especially great, being 2.6 miles from the CBD, 4.7 
miles from Cambridge, and 10.4 miles from Newton, there is the added 
condition of Logan being separated from those nodes by the Boston Harbor 
and the Mystic and Chelsea Rivers. 
Chicago: SMSA Population 6,978,947 - Rank 3 
O'Hare International Airport in Chicago is the busiest airport in 
the country. Other airports in Chicago are Midway Airport on the south 
side of the city and Meigs Field located near the shore of Lake Michigan 
and adjacent to the CBO with its population of 3.3 million. Chicago 
Helicopter Airways formerly flew a triangular route between the three 
city airports and intends to reinstate the service when the airlines 
return to Midway Airport on a regular basis (Chicago Helicopter 
Airways, 1976). A Midway heliport also would serve the nearby suburbs 
of Cicero (pop. 67,000), Berwyn (52,000), and Oaklawn (60,000). One 
final helicopter network node that should be considered is the city of 
Joliet, which has a population of 80,000 and is located 25 miles 
southwest of Chicago. 
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Cincinnati: SMSA Population 1,384,851 - Rank 21 
Greater Cincinnati airport, being only a medium hub, is separated 
from the central business district of the City of Cincinnati by the Ohio 
River. For this reason, these two nodes may form a viable helicopter 
route. 
Cleveland: SMSA Population 2,064,195 - Rank 12 
An intraurban helicopter network in Cleveland may not be effective 
due to the competition from an existing rapid rail system and to the 
fact that the city has only one major airport, Hopkins International. 
However, other nodes to be considered besides Hopkins are the CBD, Euclid 
(71,000), Parma (100,000, Lakewood (70,000), and Cleveland Heights (60,000). 
Dallas: SMSA Population 1,555,950 - Rank 16 
Ft. Worth: SMSA Population 762,086 - Rank 43 
Dallas-Ft. Worth Regional Airport has replaced Love Field as the 
major air terminal. This places Love in a position to Midway Airport 
in Chicago. A heliport at Love would not only serve interairport trips, 
but it also would serve the populous nearby suburb of Irving (97,000). 
In addition, the central business districts of Dallas and Ft. Worth 
also would be important nodes in a helicopter system. 
Denver: SMSA Population 1,227,529 - Rank 27 
Stapleton International Airport in Denver has emerged as the main 
transfer hub in the mountain states. A total of 30 percent of all 
enp1anements at Stapleton involve transfers from arriving aircraft. 
Aside from Stapleton and the Denver CBD, another major suburban node is 
Boulder with a population of 66,000. Two other suburbs, Aurora (74,000) 
near Stapleton and Lakewood (92,000) adjacent to Denver, would be well 
served by heliports. 
Detroit: SMSA Population 4,199,931 - Rank 5 
Wayne County Airport near Detroit is a large hub and could be an 
important helicopter traffic generator. A heliport in the CSD of 
Detroit would serve the 1.5 million resident population in the central 
city as well as the commercial interests. Other important suburbs 
with both commercial areas, industrial zones, and large populations 
are Dearborn (104,000), Warren (179,000), Livonia (110,000), and 
Pontiac (85,000). 
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Kansas City: SMSA Population 1,253,916 - Rank 26 
Kansas City International is a new, large hub airport built 
approximately 22 miles from the center of Kansas City. A heliport 
in the CBO of Kansas City, Missouri could serve the half million 
people living within the city limits as well as the 110,000 residents 
in the nearby city of Independence. Kansas City, Kansas (68,000), 
and Overland Park, Kansas (75,000) may be helicopter traffic generators 
also. Surface traffic to the airport is constrained somewhat by the 
Missouri and Kansas Rivers, which flow together in Kansas City. 
Los Angeles/Long Beach: SMSA Population 7,032,075 - Rank 2 
Anaheim/Santa Ana/Garden Grove: SMSA Population 1,420,386 - Rank 18 
San Bernadino Riverside: SMSA Population 1,143,146 - Rank 28 
Although the Los Angeles area is both spread out and populous, 
helicopter services have faltered because of the absence of a system 
of major airports. Los Angeles International is the only large hub 
airport, but it is the third busiest airport in the nation. For the 
simulation developed in this study, the following nodes were used: 
Los Angeles International, downtown Los Angeles, Glendale/Pasadena, 
Garden Grove/Santa Ana/Anaheim, and Long Beach and Riverside. 
Miami: SMSA Population 1,267,792 - Rank 25 
Fort Lauderdale/Hollywood: SMSA Population 620,100 - Rank 54 
There is a large hub airport in Miami, Miami International, and a 
medium hub airport in Fort Lauderdale, Hollywood International. Other 
important nodes for a helicopter network could be the cities of 
Miami (334,000), Fort Lauderdale (139,000), Hialeah (102,000), Hollywood 
(106,000), and.Miami Beach (87,000). 
Minneapolis/St. Paul: SMSA Population 1,813,647 - Rank 15 
This area may provide a viable triangular route between the large 
hub terminal of Minneapolis-St. Paul International Airport and the 
central business districts of the Twin Cities. A future helicopter 
service is made attractive by the fact that St. Paul is separated from 
Minneapolis by the upper reaches of the Mississippi River. 
Philadelphia: SMSA Population 4,817,914 - Rank 4 
The important nodes for this urban area are Philadelphia International, 
which is a large hub air terminal, the city of Philadelphia (1,900,000), 
and Camden, New Jersey (102,000). 
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Pittsburgh: SMSA Population 2,401,249 - Rank 9 
--,- -
I 
The Greater Pittsburgh Airport is a large hub 17.5 miles from the 
City of Pittsburgh. Due to this distance and the presence of three 
rivers passing through the city, this route may become viable. 
St. Louis: SMSA Population 2,363,017 - Rank 10 
As in the case of Pittsburgh, Cincinnati and Atlanta, St. Louis seems 
to be another single-route city. The only possible helicopter route 
is that between Lambert St. Louis International, which is a large hub 
airport, and the CBD of the City of St. Louis. 
Seattle/Everett: SMSA Population 1,421 ,860 - Rank 17 
Tacoma: SMSA Population 411,027 - Rank 71 
Seattle-Tacoma International, a large hub airport located between 
the two cities of Seattle and Tacoma, should be included in any 
helicopter network. Another node should be Bellevue, population 61,000, 
which is separated from Seattle by Union Bay. Everett is a more distant 
city of 53,000 which may generate some helicopter traffic to the airport. 
Puget Sound causes some circuitous surface routing, especially to 
Tacoma, and this may add some viability to a future helicopter system. 
Tampa-St. Petersburg: SMSA Population 1,012,594 - Rank 32 
Tampa-St. Petersburg International Airport is a large hub air 
terminal near Tampa, which has a city population of 277,000. Located 
across Tampa Bay is the City of St. Petersburg, population 216,000, 
which is served by the St. Petersburg-Clearwater International Airport, 
a municipal airport in nearby Clearwater. A heliport at each airport 
would serve interairport trip~) as well as the City of Clearwater 
(population 52,000). One network \'IaS modeled for the Tampa Bay r-egion. 
It consisted of a quadrangular route from Tampa International Airport 
to Tampa to St. Petersbur~ to the municipal airport in Clearwater and 
then returning to Tampa International. 
Washington: SMSA Population 2,861,132 - Rank 7 
Baltimore: SMSA Population 2,070,580 - Rank 11 
The proximity of Washington, D.C. to Baltimore brings together 
two large population zones and a system of three aiports. One is a 
large hub domestic airport, Washington National, and the others are 
two medium hub international airports, Dulles International and 
Baltimore-Washington International. The downtown areas of these 
cities also would be important to a helicopter system. A Washington 
to Baltimore downtown service would be an intercity route, since this 
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is the only case in which the respective SMSA's of the connected cities 
are not adjacent. Alexandria and Arlington are large suburbs of Washington s 
but being adjacent to Washington National Airports they do not need a 
heliport. The Maryland suburbs of Bethesda (71 sOOO)s Silver Spring 
'77,000), and Wheaton (66 s000), all of which are contiguous areas, 
together may generate a viable amount of helicopter traffic. Both the 
Washington-Baltimore region and the Washington area by itself were 
modeled. 
The network modeled for the Washington metropolitan area consisted 
oJ three routes. One was an interairport route between Dull es 
International and Washington National; another route was between 
Washington National and downtown Washington; and a third route was a 
triangular linkage between Bethesda s dawn town Washington, and Dulles 
International Airport. 
For the Washington-Baltimore region, two networks were simulated 
in the model. The first network consisted of (1) a quadrangular route 
between Washington National, Dulles International, Bethe\da, and Baltimore-
Washington International, (2) a route from Washington National to 
downtown Washington to Dulles International to downtown Washington and 
then back to Washington National, (3) a route between downtown Baltimore 
and Baltimore-Washington International, and finally (4) an intercity 
route between the downtown areas of Washinqton and Baltimore. The 
second network also consisted of four routes: (l) the intercity route, 
(2) the route between Baltimore and Baltimore-Washington International, 
(3) a triangular interairport route, and (4) a quadrangular route from 
Washi ngton National to downtown Washington to Bethesda to Dull es 
International and back to Washington Naticna1. 
Results 
The output of the simulation model for four of the networks is given 
in Appendix C. Tables 9 and 10 and Figure 13 summarize the results for 
the most optimal network in each of the urban areas. In most cases, this 
. was the network with the lowest total operating cost. The exceptions 
were Philadelphia, Minneapolis/St. Paul, and Boston, in each of which 
the network utilizing the least number of helicopters was chosen. In 
these three cases, the networks had a low utilization and less than 
2,000 hours of block time. Consequently, it did not seem feasible to 
operate a system with more than one helicopter given such low block 
times. 
Table 9 presents the results in order of the lowest cost per 
seat mile. Note the inverse correspondence between that quantity and 
both the total operating cost and the total number of block hours. 
(Remember, as discussed in Chapter II, all systems under 2,000 hours 
were assigned the costs of 2,000 hours of operation.) The reason 
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Table 9. Results from the Simulation Model: 
Cities Ranked According to Cost per Seat Mile 
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Table 10. Results from the Simulation Model: 
Cities Ranked According to Bt'eak Even Penetration Rate. 
Helicopter 
Passenger Break Even System Cost per 
Break Even Penetration of Seat Mile 
Urban Area Vol ume ' Rate (%) Airports Rank 
Atlanta 170,913 1. 74 No 19 
Boston 170,913 2.05 No 17 
Chicago 375,504 2.34 Y'es 4 
Minneapolis/St. Paul 170,913 2.76 No 15 
Denver 211,945 2.81 No 11 
Dallas/Ft. Worth 324,071 2.85 Yes 8 
Philadelphia 170,913 2.98 No 14 
Miami/Ft. Lauderdale 339,778 3.22 Yes 6 
Washington 384,709 3.36 Yes 3 
Pittsburgh 170,913 3.49 No 13 
St. Louis 170,913 3.74 No 16 
Lqs Angeles 632,759 4.22 No 2 
Washington/Baltimore 610,652 4.36 Y~s 1 
Tampa. 199,324 4.83 No 12 
Detroit 374,569 5.72 No 5 
Seattle/Tacoma 326,752 6.07 No 7 
Cleveland 224,433 6.65 No 10 
Cincinnati 170,913 7.46 No 18 
Kansas City 323,920 9.61 No 9 
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Figure 13. Potential for Intracity Helicopter Networks in 
Major U.S. Urban Areas. 
Note: The points descirbing NY Airways, SFO Helicopters, 
and LA Airways are estimates of their averages 
over the last several years. 
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for this inverse relation is that when less flights are run, the cost 
model is such that the cost reduction in less than the seat mile 
reduction. Thus, the cost per seat mile increases.' Table 10 ranks 
the urban areas in terms of the break-even penetration rates for these 
networks. It also lists the break-even volumes and whether or not the 
city has the all-important system of airports. In the case of Tampa, 
however, the second airport in the network was only a municipal airport 
and not a 1 arge or medium hub faci 1 i ty. For thi s reason, the region 
was deemed to be without a system of airports. 
Figure 13 compares the potential for success of the lowest cost 
networks in the various cities. As illustrated by the figure, the 
potential for success of an intracity system is increased if it has both 
a low break-even penetration rate and a low cost per seat mile. A low 
penetrati on rate impl i es that there are a large number of a'j t travel et'S 
in the area. This increases the chances of inducing a sufficient number 
of these travelers to patronize a helicopter airport access system. 
The cost per seat mile factor is important for two reasons. First, 
a high cost per seat mile· implies that there are not many routes, which 
means that there is a lack of market nodes to serve. Secondly~ a high 
cost per seat mile factor indicates that the nodes are not very distant~ 
and thus a helicopter system will not be able to provide a significant 
time savings over the ground systems. 
. Finally, Table 11 compares the model results of the San Fr'ancisco 
simul ati on to the actual 1975 SFO schedul ed servi ce da.ta. The mode-j 
predicted 14 percent too high on the block hours and, consequently, 20 
percent too high on the total system cost. Despite the fact that the 
model may not be capable of fine tuning to achieve net'Nork optimization, 
its ability to perform a general optimization between service and . 
costs has been demonstrated. It should be further pointed out that the 
1975 SFO data was not included in the derivation of the cost model. 
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Table 11. Comparison of Actual 1975 SFO System 
to Simulation Model Prediction 
SFO Scheduled Service 1975: 
Passenger Revenue = $2,808,000 
Helicopter Passengers = 218,511 
Average Fare = $2,808,000/218,511 
= $12,851 
Total Operating Cost = $3,077,364 
(Scheduled Service Only) 
Air Passengers in SFO Urban Area = 10,367,000 
Helicopter Passenger 
Break Even Volume = $3,077,364/$12.851 
= $239,465 
Actual Penetration Rate = $218,511/10,367,000 
= 2.11% 
Total 
Operating Average 
Block Cost Fare 
Hours (Dollars) (Dollars) 
SFO by Model 4187 3,808,174 12.835 
SFO Schedu1 ed 3660 3,077,364 12.851 
Service, 1975 
Percent Difference 14% 20% 
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Summary 
Chapter IV 
SUMMARY AND CONCLUSION 
-
The purpose of this study was to develop a simulation model for 
in~raurban helicopter systems which would optimize the total system 
cost and service in terms of market areas served, route structure, and 
headways maintained. These systems are of importance not only as an 
alternative mode of transportation for the urban traveler, but more 
importantly as a prelude to intracity helicopter, or VTOL, travel. It 
is believed that in the future these intercity networks will serve the 
short haul traveler better than the commercial airlines. In addition, 
helicopter systems are expected to provide services for quite some time 
at a lower cost than those of high speed ground or tracked air cushion 
vehicles. 
In Chapter II, the relationships between the various operating 
parameters were derived. In particular, the number of block hours 
of operation was related to the headway in the following manner: 
For a one way trip from i to j, 
where 
For a round trip route, 
T .. = Block hours from i to j per year 
1~ 
T = Block hours on round trip per year 
tij = Block time in minutes from i to j 
tRT = Block time in minutes around the round trip route 
hij = head~ay maintained from i to j in minutes 
h = headway maintained on round trip in minutes 
Hy = hours per year that the system operates 
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Additionally, an algorithm was developed to determine the number of 
helicopters needed to maintain a given headway on a route. 
Next, the cost model relating costs to block hours of operation 
was developed on the basis of historic data and the manufacturer's 
data. In this developmental process, the uniqueness of New York as a 
transportation hub was discovered, and its high cost and fares were 
deemed inapplicable to any other city in the United States. The final 
cost functions were regressed from $-61 data for San Francisco and Los 
Angeles as well as from cost projections from the S-61 by Sikorsky. 
The cost model was presumed to be valid only between 2,000 and 13,000 
hours of operation. The model took the following form: 
where 
CD = (10,872.585l4)r+°. 64_325,635 
at 2,000 hours CD =·1,083,627 
CT = (36,742.65016)TO.58_824,666 
at 2,000 hours CT = 2,193,671 
CT = Total Operating Cost 
CD = Direct Operating Cost 
T = 810ck Hours 
These cost model equations were incorporated into a simulation 
model designed to simulate a P~'oposed intraurban helicopter network 
op~rating at various headways~ depending on the peak or off-peak periods. 
The market areas, the network structure, and the headways can be varied 
in the model in such a manner that a total system cost can be calculated 
for the different variations. This allows system developers a method of 
optimizing service and costs. In addition, the model in this study 
translates its results into an air passenger market break-even penetra-
tion rate. 
At present, scheduled helicopter systems primarily serve airport 
access trips'arising from interairport transfers. For this reason, 
it was decided to simulate helicopter networks in large hub cities, 
especially those with multiple air terminals and those with physical 
barriers, such as rivers and mountains, which create additional surface 
congestion. 
In applying the model, 19 urban area.s and the present network in 
San Francisco were simulated. Only three market areas or node types 
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were considered applicable within each of these urban areas. These nodes 
were the airports, the central business district (CBD), and any suburban 
zones of 50,000 or more. The various link combinations were assigned 
headways according to the peak and off-peak periods, as shown in Table 8. 
The network structure was varied in the simulations, but kept constant. 
Service variations were not attempted in the nodes in order to maintain 
consistency between the different cities and to form a basis for 
comparison. 
The results of the simulation model are depicted in Figure 13. 
This plot shows that the urban areas with the most potential for intra-
city helicopter systems are Chicago, Dallas/Ft. Wopth, Denver, Los 
Angeles, Miami, and Washington/Baltimore. 
Analysis of Model 
The essence of the simulation model is the interplay between service 
costs. Service to helicopter passengers or potential passengers is 
increased by the addition of new routes wi thin the network and by increasing 
the frequency of flights (decreasing the headway). Both of these maneuvers 
will result in increased helicopter usage and total operating costs. They 
also will result in decreased costs per seat mile because of the economies 
of scale in the model between the addition of new services and the result-
ing seat miles traveled. If the passenger level remains constant with an 
increase in service (either through more routes or more flights), the 
load factor will decrease and the cost per passenger mile will increase. 
System developers are unlikely to increase service unless sufficient new 
passengers are attracted to balance the additional costs. 
Assuming a constant service, in terms of market nodes, and headways, 
it is to the advantage of the system developer to lower costs by 
consolidating the network route structure, as was illustrated in this 
report. This will allow a network to serve the same nodes with decreased 
helicopter operations and a consequent decrease in total operating costs. 
If the consolidation is kept within reasonable limits, the changes in 
network structure should not affect demand. The primary service change 
would be the likelihood that passengers would be forced to stop at 
intermediate nodes. On a trip basis, fares for most passengers probably 
would increase through the consolidation of the network, since most 
passengers will travel longer distances to reach their ultimate 
destination. However, it should be pointed out that intracity helicopter 
systems have fare structures which only slightly reflect the distances 
traveled. Past and present systems have tried to pick some general 
dollar figure representing an average of what ;s needed to be charged 
on all f1jghts and all routes. As a result, some passengers pay more 
per mile than others. If the original fare structure has been devised 
in this manner, the consolidation of routes will result in decreased 
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costs and, hopefully, decreased fares due to the same number of 
passengers paying for lower total operating costs. 
There is a limit to the consolidation a network can accept. In 
the first place, it is unacceptable for passengers to fly allover 
town, landing and taking off several times, before reaching their destina-
tion. Nodes of attraction and production may be separated by one inter-
mediate node and possibly two, but it seems unlikely that passengers 
would patronize a system requiring more than three take-offs and landings 
on what otherwize would be a short trip. Furthermore, intermediate nodes 
should be in the general direction of travel; a passenger does not want 
to double back on himself. A second constraint on consolidation is that 
helicopters require scheduled periods during the day or week for repairs 
and general maintenance. " SFO Helicopters in 1975 operated their three 
S-61 aircraft between 1100 and~1500 nours each (Lovorn, 1976). The Sikorsky 
data on the S-61 helicopter suggests a feasible operational period of 
1000 and 3000 hours per year (Sikorsky, 1974). Sikorsky recognizes that 
operational periods exceeding 2500 hours per year often require night 
time or weekend maintenance work, which results in overtime labor costs 
(Sikorsky, 1974). For these reasons, an annual range of 1500 to 2500 hours 
is probably the most feasible period of operation for the S-61, even though 
it is possible to use it for longer durations. Table 9 shows the average 
helicopter usage in most of the simulate"d networks fell wHhin this 
acceptable range. 
A constant block speed was incorporated in the simulation model. 
In reality, however, block speed will be lower for short distances and 
higher over longer distances. The helicopter has more time to 
accelerate and maintain its maximum cruising speed over long distances. 
Therefore, more flight time and higher costs will be spent on the shorter 
networks than was predicted by the simulation model. Conversely, the 
flight time and costs will be less on the longer networks than was 
predicted by the model. 
It is important to note that the cost model in this report was 
based on systems in full operation and not systems in their start-up 
stages. Any new transportation mode will attract travelers, but it 
may take some time to develop its full market potential. Until this 
demand fully develops, it is in the interests of the system "operators 
to be frugal. In the case of helicopters, where high direct operating 
costs are the norm, this is even more important. When Richard Lovorn 
reorganized SFO Helicopters in the early 1970's, he reduced the staff 
and cut back the elaborate route network to the one shown in Figure 1 
(Barber, 1975). As a result, SFO was able to operate with some success 
until recently. Similarly, when Steve Ellis started Los Angeles 
.Helicopter Airlines, he had only a pilot, an answering service, two 
Bell 47-J helicopters, and himself (Sk1arwitz, 1974). The subsequent 
success of Los Angeles Helicopter Airlines is evident by its purchase 
of two Sikorsky S-55 helicopters (Ellis, 1976). Thus, there are major 
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differences between a helicopter system in full operation and one in 
its developing stages. In the former, costs must be held to an absolute 
minimum until the demand for the service increases. The cost model 
in this report has more applicability to systems already operating 
than to those still in the developmental phases. 
Conclusions 
Although intracity helicopter systems are expensive undertakings, 
two benefits can be derived from their implementation. In the first 
place, they provide an alternative airport access mode, and in the 
second, they provide the impetus for intercity helicopter, or VTOL, 
flights. 
He1 i copters, 1 i ke 'any other mode of transportati on, wi 11 be 
utilized under the right set of circumstances. In the future, one can 
expect an increase in the factors which are favorable to helicopter 
airport access systems. The overa1] number of air passengers and the 
number who can afford the helicopter access mode are likely to increase. 
Urban sprawl has resulted in business and residential centers to be 
located further from the central city and often further from the 
airport facilities. This increased airport trip distance improves the 
time savings potential of the helicopter and eventually should lead' 
to a growth of demand for the helicopter among air travelers. Finally, 
more cities with systems of airports can be anticipated in the future 
as air traffic returns to airports such as Midway in Chicago and Love 
Field near Dallas and Fort Worth. The growth of these systems is en-
couraged by current overcrowding at the major airports and by widespread 
community resistance to airport expansion. 
Helicopter systems were given a premature start by a $50 million 
federal subsidy throu~h 1965. These funds provided direct assistance 
to the problems of technology and operating costs but failed to deal 
with the problems of revenues. According to A.D. Little, Inc., 
"In the case of helicopters, the heavily subsidized tariff provided 
an opportunity to uncover a more basic constraint, the effect of which 
had been previously disguised--the lack of a basic market demand at or 
neqr the fares required to operate the service" (A.D. Little, Inc., 1971). 
Since the mid-1960's~ conditions favoring an adequate market demand have 
become more widespread. The problems of developing th'is demand still 
remain, but through careful planning and good management the helicopter 
can become a viable mode of transportation on both the intraurban and 
interurban levels. 
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-Appendix A 
AIR PASSENGER VOLUMES USED IN THE SIMULATION 
The intraurban helicopter passenger market in any given urban area 
is a small portion of the total air passenger market involving airport 
access or egress trips. CAB and FAA enplanement data are published in 
Airport Activity Statistics of Certificated Route Carriers. Since these 
enplanements include originating stopover and transfer passengers, the 
stopover and transfer passengers must be excluded from the air passenger 
volumes as they are intra-airport transfers not invo1ving an aiport 
access trip. In this simulation~. the exclusion was accomplished with 
the aid of the transfer percentages published for the various airports. 
The enplanement data utilized here were taken from fiscal year 1975 
(July 1, 1974 to June 30, 1975). The percent of transferring passengers 
at the major airports was obtained from E.M. Whitlock and D.B. Sanders 
(1973a "and b) and was based on 1971 data. At some airports, the transfer 
percentage had to be assumed, and these values are shown in parentheses. 
The procedure for calculating the total number of air passengers 
in need of airport access/egress trips was as follows: 
Originating Passen~ers = (Enplanements) (100 - Transfer %) ~ 100 
Total Air Passengers = (Originating Passengers) x 2 
The value for total air passengers should include all embarking air 
passengers originating at the airport, debarking air passengers whose 
destination is the airport, and transfer air passengers making inter-
airport connections within the city. The air passenger figure was 
rounded off to the nearest thousand and used in the simulation to deter-
mine the break-even penetration rates for the helicopter networks. 
Table A-l lists the air passenger totals employed in the model. 
-70-
" - e ea 
, -~-. ,', "oz::::.- '"'"'"" 
Table A-l. Air Passenger Volumes at Majolr Urban Airports 
I 
'-.I; 
..... 
I 
~" Iat~~ 
Originating 
City Airport Enplanements Transfers Passengers 
Atlanta Hartsfield Intl. 12,294,599 60.0% 4,917,839 
Use: 
Boston Logan Int1. 4,847,846 14.2% 4,159,451 
Use: 
Chicago O'Hare Intl. 15,904,449 50.0% 7,952,224 
Midway Airport 84,571 (O.O%) 84,571 
Meigs Field 959 (O.O%) 959 
Use: 
Cincinnati Greater Cincinnati AP 1,272,392 (1 O. 0%) 1,145,152 
Use: 
Cleveland Hopkins Int1. 2,699,465 37.5% 1,687,165 
Use: 
Da 11 as/Ft. Worth Dallas Ft. Worth Reg. 7,068,238 (20.0%) 5,654,590 
Love Field 37,910 10.0% 34,119 
Use: 
Denver Stapleton Int1. 5,383,894 30.0% 3,768,725 
Use: 
Detroit Detroit Metro Wayne 3,636,453 10.0% 3,272,807 
Use: 
Kansas City Kansas City Int1. 2,107,467 (20.0%) 1,685,973 
Use: 
Los Angeles Los Angeles Int1. 8,782,950 26.0% 6,499,383 
Use: 
Miami/Ft. Lauderdale Miami International 4,683,269 20.0% 3,746,615 
Ft. Lauderdale Hollywood 1,701 ,637 (10.0%) 1,531,473 
Use: 
.1;, 
,-'- _._._ •• .., .. ~.A_'-"'-,A~'--_-'_ ... _ ....... _._ . .-<~-'--_ .. ~ ... ~. "._.:......._~f._ .•. ...:~.,<~:_'<~L.~""':...:-_.~~ ..... ~_ .... _, . ,j .... ,_"_.--.... ............... ~ __ Ji ......... !~. __ .a-...oIL". :._.:.-. __ • __ ,.~.~~, .. ...,~ .. ~I;..J_.' ._._ ...... ~_ , ___ •. -.... 1 ..... __ ~ ~ )t ....... ___ ...... _._ .•. _~.~" J 
I' 
Total Air . 
Passengers 
" 9,835,679 .;r 11 9,836,000 I' 
8,318,903 I Ii 
8,319,000 II 
15,904,448 Ii 
I 169,142 ,I 
l z918 II j; 
16,075,508 II i 16,075,000 
I i 2,290,305 ~ 1 2,290,000 ~ 
3,374,331 
3,374,000 
11,309,180 
68,238 
11,377,418 
11,377,000 
7,537,451 
7,537,000 
6,545,615 
6,546,000 
3,371,947 
3,372,000 
12,998,766 
12,999,000 
7,493,230 
3,062~946 
10,556,176 
10,556,000 
, 
,t i~, ;," 
~. ____ \~.....01.-_. ___ ... *'- __ ... ,.'"' ,."_ •.. _~. __ ........ 'fi~~""~ 
~'I ' . ...,...-~ r·r:'l .. ~ .. 
L ... 
~,\;\ 
I 
....... 
l'\l 
I 
City 
Minneapolis/St. Paul 
Philadelphia 
Pittsburgh 
Sea ttl e/Tacoma 
St. louis 
San Franci sco/ 
Oakland 
Tampa 
Washington 
Washington/Baltimore 
"~ 
TableA-l. (continued) 
Airport 
Minn. St. Paul Int1. 
Philadelphia Int1. 
Greater Pittsburgh AP 
Seattle/Tacoma Intl. 
lambert St. Louis Int 
San Ftancisco Intl. 
Oakland Metro Int1. 
Tampa" International 
Washington National 
Dulles International 
Washington National 
Dulles International 
Baltimore-Washington 
i. 
Enplanements' Transfers 
3,210,501 
3,333,943 
3,498,323 
2,861,795 
3,511,987 
5,971,444 
318,973 
2,290,901 
5,220,197 
1,073,998 
1,396,699 
3.5% 
14.0% 
30.0% 
6.0% 
35.0% 
18.0% 
(l 0. 0%) 
(l 0. 0%) 
9.0% 
(9.0%) 
(9.0%) 
h 
Originating 
Passengers 
3,098,133 
Use: 
2,867)190 
Use: 
2,448,826 
Use: 
2,690,087 
Use: 
2,282,791 
Use: 
.4,896,584 
287,075 
Use: 
2,061,810 
Use: 
4,750,379 
977,338 
Use: 
1,270,996 
Use: 
Total A'ir 
Passengers 
6,196,266 
6,196,000 
5,734,381 
5,734,000 
4,897,652 
4,898,000 
5,380,174 
5,380,000 
4,565,583 
4,566,000 
9,793,168 
574,151 
10,367,319 
10,367,000 
4,123,621 
4,124,000 
9,500,758 
1,954,676 
11,455,434 
11 ,455,000 
9,500,758 
1,954,676 
2,541,992 
13,997,426 
13,997,000 
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Appendix B 
SIMULATION MODEL COMPUTER PROGRAM 
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Appendix C 
SIMULATION RESULTS FOR THE PROPOSED NETWORKS 
IN FOUR URBAN AREAS 
-, 
I 
This section contains a sample output from the simulation model 
for each of the proposed networks in four different urban regions -
Atlanta, Chicago, San Francisco, and Washington, D.C. The following 
is a list of the abbreviations used in the simulation. 
AP = Airport 
CBD = Central Business District 
INTL = International 
ATL = Atlanta 
CHI = Chicago 
MDWY = Midway 
OH = O'Hare 
SF! = San Francisco International Airport 
OKLND INTL = Oakland International Airport 
NATL = Washington National Airport 
DC = Washington, D.C. 
BETH = Bethesda (Si'lver Spring and Wheaton), Ma.ryland 
-The four urban areas detailed here are presented as an illustration of 
the model output. Complete simulation results for all twenty urban 
areas listed in Table A-l can be found in the original research report 
by Stortstrom (1976). The key results from all twenty cities were 
presented earlier in Tables 9 and 10 and Figure 13 in terms of break-
even penetration rates and costs per seat-mile. 
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San Francisco: Network No.1 (continued). 
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